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FIG. 7
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ELECTRONIC APPARATUS IN WHICH
FUNCTIONING OF A MICROCOMPUTER IS
MONITORED BY ANOTHER

MICROCOMPUTER TO DETECT
ABNORMAL OPERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and incorporates herein by
reference Japanese Patent Application No. 2007-216157 filed
on Aug. 22, 2007.

BACKGROUND OF THE INVENTION

1. Field of Application

The present invention relates to an electronic apparatus
incorporating microcomputers, i which one of the micro-
computers monitors the operation of another one.

2. Description of Related Art

A type of electronic apparatus which incorporates a micro-
computer 1s known, 1n which a peripheral apparatus of the
microcomputer monitors the functioning of the microcom-
puter, to detect any abnormal operation, as described for
example 1n Japanese patent publication No. 2001-312315. In
addition, a type of electronic apparatus which incorporates a
plurality of microcomputer 1s known, in which the function-
ing of one of the microcomputers 1s monitored by another
microcomputer to detect any abnormal operation. An
example of such an electronic apparatus 1s the 1mage process-
ing apparatus 100 shown in diagram (a) of FIG. 9.

Abnormal operation of a microcomputer may result from
one or more of the bits constituting a register 1n the micro-
computer (such as an accumulator or a general-purpose reg-
ister) become “stuck™, 1.e., fixed in the binary 1 or O state. This
prevents calculation operations from being performed nor-
mally. Such a malfunction can be detected as illustrated in
diagram (b) of FIG. 9. This 1s a known method whereby the
value C of a vanable 1s transmitted from the monitoring
microcomputer to the monitored microcomputer, and the
monitored microcomputer uses that value C 1n executing a
test calculation.

To detect any stuck bit(s) in a register of the main micro-
computer, the test calculation 1s predetermined such that dii-
ferent bit patterns will become successively set into the
respective registers, and such that each bit of each register will
change between the 1 and O binary states 1n the calculations 1f
there are no stuck bits. The final result obtained from the test
calculation, designated in the following as the calculation
result X, 1s then added to the variable value C which was sent
from the main microcomputer, to obtain a sum value Y (=C+
X). The sum value Y 1s then transmitted from the monitored
microcomputer to the monitoring microcomputer. In the fol-
lowing, the monitoring microcomputer will be referred to as
the main microcomputer, and the monitored microcomputer
as the secondary microcomputer.

To perform such a test calculation, the final result X 1s
always obtained by the same calculation procedure, so that so
long as there 1s no malfunction of any of the registers in the
secondary microcomputer, an identical predetermined fixed
value will always be obtained for the X. That predetermined
fixed value 1s designated as X0 in the following. However 1f
any of the registers has one or more bits stuck in the 1 or O
state, the test calculation cannot be executed properly, so that
an incorrect value will be obtained as the calculation result X.

If such a malfunction condition exists 1n a plurality of
locations 1n the secondary microcomputer, then 1t 1s possible
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2

that X0 may be obtained as the calculation result X, 1n spite of
the abnormal operation. It 1s for that reason that the variable
value C 1s added to the calculation result X. The operations
performed by the secondary microcomputer for obtaining a
calculation result X and adding that to a variable value C, to
obtain a sum value Y, will be collectively referred to as a
“homework calculation™ in the following description, 1.e.,
with the sum value Y being the homework calculation result.

Respectively different values of the variable C are succes-
stvely transmitted from the main microcomputer to the sec-
ondary microcomputer. Each time this occurs, the secondary
microcomputer performs a homework calculation as
described above, using the received value of C, then transmits
the homework calculation result Y back to the main micro-
computer. The main microcomputer then subtracts the corre-
sponding value of C (1.e., most recently transmitted value of
C) from the value obtained forY. The result of the subtraction
1s then compared with the correct calculation result value X0.

Hence, the main microcomputer can judge whether or not
the main microcomputer 1s functioning normally, based on
whether or not the correct calculation result X0 1s obtained
from each of a successive predetermined plurality of such
subtraction operations.

Types of electronic apparatus are known which incorporate
a plurality of microcomputers, in which a main function that
1s executed by the apparatus 1s performed by cooperation
between the microcomputers, through exchange of data (cal-
culation results, etc.) between them. For example 1n the field
ol motor vehicle control, there 1s a type of driver assistance
system known as a lane-keeping assistance (LKA) system
which can control a vehicle to follow a specific traific lane
that 1s defined on a road. Such a system may be of the basic
form illustrated in diagram (a) of FIG. 9, which incorporates
the plurality of microcomputers microcomputer 101 and 103.
The microcomputer 101 acquires image data from a digital
video camera 105, and performs processing such as edge
detection processing on the image data. The microcomputer
103 operates on detection results obtained by the microcom-
puter 101, to perform processing for recognition of lane
markers (e.g., white lines on the road surface), etc. The image
processing apparatus 100 thereby derives road parameters for
the road along which the vehicle 1s currently travelling, 1.¢.,
parameters expressing the form of the road, eftc.

In the 1mage processing apparatus 100, the edge detection
results obtained from the image processing apparatus 10
(which 1s connected to the camera 105), 1.e., information
indicating detected edge positions, are transmitted to the
microcomputer 103. The microcomputer 103 thereby derives
road parameters, and transmits these to the microcomputer
101. The road parameters are transmitted from the microcom-
puter 101 to a ECU 110, which 1s externally connected to the
microcomputer 101, and the ECU 110 uses the obtained road
parameters in performing control of the vehicle.

When the image processing apparatus 100 1s configured
such that the procedure described above 1s used for monitor-
ing the operation of the microcomputer 103, then together
with periodically performing processing for executing the
main function of the microcomputer 101, the microcomputer
101 also periodically transmuits successive values of the vari-
able C to the 103. After the microcomputer 103 performs a
homework calculation, it 1s necessary for the corresponding
homework calculation result Y to be received by the micro-
computer 101.

However if the data communication that 1s performed relat-
ing to the main function and the data communication for
monitoring the operation of the microcomputer 103 are
executed respectively independently, then complex process-
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ing 1s required for controlling the communication between
the microcomputer 101 and the microcomputer 103, so that 1t
1s difficult to achieve stable control of the operation of the
apparatus.

As has been previously envisaged by the assignees of the
present invention, 1t would be possible to execute data com-
munication between the microcomputer 101 and microcom-
puter 103 for monitoring the operation of the microcomputer
103 concurrently with data communication relating to the
main function. If the image processing apparatus could be
configured to perform such concurrent data communication,
then processing relating to such communication could be
simplified and stable operation of the apparatus could be
ensured. For example, 11 such a method were to be applied for
monitoring the operation of the microcomputer 103, the pro-
cessing executed by the microcomputer 101 and the micro-
computer 103 might be as shown in the timing diagram
example of FIG. 10.

In this case, the microcomputer 101 acquires data consti-
tuting a specific number of lines of 1image data (horizontal
scan lines of a video signal frame) 1n each of successive
intervals that are synchronized with the vertical synchroniz-
ing signal of the video signal from the camera 105, with the
acquired amount of image data as being predetermined as the
amount required for processing to detect white lines (1.¢., lane
markers) formed on a road surface. The microcomputer 101
performs edge detection processing on each set of image data
thus acquired. The information constituting the edge detec-
tion results 1s then transmitted by the microcomputer 101 to
the microcomputer 103. Concurrent with this transmission of
edge detection results, a count value N which 1s updated each
time a new set of 1mage data are acquired (with N being
obtained from a counter which performs up-counting) is
transmitted from the microcomputer 101 to the microcom-
puter 103, to constitute the variable value C, which 1s required
tor the homework calculation as described above.

The microcomputer 103 uses the mputted edge informa-
tion to perform white-line recognition processing, 1.€., calcu-
lation processing for obtaining road parameters. Before or
after this 1s done, the microcomputer 103 performs a home-
work calculation using the variable value C most recently
transmitted from the microcomputer 101. When the home-
work calculation result (sum value Y') and road parameters
have been derived, the microcomputer 103 transmits these
concurrently (1.e., iIn immediate succession) to the microcoms-
puter 101.

As well as performing 1mage data acquisition and edge
detection operations, the microcomputer 101 performs judge-
ment processing for detecting abnormal operation of the
microcomputer 103, based on the received sum values Y. The
most recently attained count value N 1s subtracted from the
currently recerved sum value Y, to obtain a subtraction result
7., and a decision 1s then made as to whether or not the
subtraction result Z 1s correct.

With this example, the variable value C 1s updated (1.e.,
counter N 1s incremented) each time the current value of Chas
been transmitted to the microcomputer 103. Hence as can be
understood from the timing diagram of FIG. 10, each time the
microcomputer 101 processes a homework calculation result
Y which has been transmitted from the microcomputer 103,
the current value of C will already have been incremented by
2 relative to the value of C which was used 1n executing that
homework calculation. That 1s to say, 1 performing the
abnormality judgement, the microcomputer 101 operateson a
homework calculation result (sum value Y') which is based on
a variable value C that was transmitted from the microcom-
puter 101 to the microcomputer 103 two cycles previously.
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Thus 11 the microcomputer 103 i1s operating normally, the
subtraction value Z that 1s obtained by subtracting the current
count value N (1.¢., current value of C) from the most recently
received homework calculation result Y will be equal to (X0-
2), where X0 1s the correct value of Y.

Thus, to perform the abnormality judgement, the micro-
computer 101 judges whether the subtraction value Z 1s equal
to the correct value (X0-2), each time a new homework
calculation result Y 1s received from the microcomputer 103.
If 1t 1s found that an incorrect result 1s obtained for Z a
predetermined plurality of times in succession, then the
microcomputer 101 transmits diagnostics 1nformation
indicative of abnormality of the microcomputer 103, to the
external ECU 110. Otherwise, the microcomputer 101 trans-
mits diagnostics information indicating that the microcom-
puter 103 1s functioning normally, to the ECU 110.

However with such a method, the following problem
arises. The transmissions of the variable value C to the micro-
computer 103 are synchronized with the processing opera-
tions of the microcomputer 101, 1.e., occur at the start of each
frame period of the video signal. However the transmissions
of the homework calculation result Y together with road
parameters, from the microcomputer 103 to the microcom-
puter 101, cannot be so synchronized. I the microcomputer
103 requires a substantial amount of time to perform white-
line recognition processing, 1t may not be possible for the
currently obtained homework calculation result Y (1.e., cal-
culated using a specific value of C) to be transmitted to the
microcomputer 101 during the same cycle in which that value
of C was transmitted from the microcomputer 101. (where the
term “cycles”, with this example, refers to the intervals
between successive vertical synchronizing signal of the cam-
era). This will prevent the microcomputer 101 from perform-
ing abnormality judgement correctly.

The reasons for this can be readily understood by referring
to the timing diagram example of FIG. 11.

With the 1mage processing apparatus 100 of FIG. 9, the
microcomputer 101 performs processing for receiving the
road parameters and the homework calculation result Y in
parallel with executing its main function. That 1s to say, 1n
parallel with executing the operations constituting 1ts main
function, each time that data are transmitted from the micro-
computer 103, the microcomputer 101 writes the recerved
road parameters and homework calculation resultY (received
via a serial interface) into a recerving butier. This 1s a region
reserved 1n an internal RAM of the microcomputer 101.
Thereatter, immediately before the next transmission of edge
detection mformation to the microcomputer 103, the ECU
110 transiers the data that had been most recently written 1nto
the receiving builer mnto a separate region in RAM, 1.e., a
working memory region. The homework calculation resultY
and 1s then used by the microcomputer 101 to judge whether
the microcomputer 103 1s operating normally, and the road
parameters are transmitted to the ECU 110.

Hence with such a type of image processing apparatus 100,
if the microcomputer 101 has not recerved updated home-
work calculation result and road parameter data from the
microcomputer 103 during the preceding cycle (preceding
frame period), but recerves them during the current cycle (as
illustrated for the third frame period i FIG. 11, when the
counter N 1s 14), the homework calculation result Y from two
cycles previously will be read out from the recerving bulifer
and utilized 1n the abnormality judgement.

Since the current value of N 1s not applicable to that home-
work calculation result, 1t will be judged (incorrectly) that
abnormal operation of the 103x 1s occurring.
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That 1s to say, the value which 1s subtracted from the
homework calculation resultY will have been increased from
the correct value by 1, so that even 1f the microcomputer 103
1s operating normally, the subtraction result Z will be
obtained as (X0-3) and hence will not match the correct
subtraction result of (X0-2).

Furthermore, (referring again to the third period 1n FI1G. 11,
when the value of N 1s 14), in such a case, after the delayed
homework calculation result Y and road parameters have
been written nto the recerving buifer of the microcomputer
101, that value of Y will then be used in the abnormality
judgement operation 1n the succeeding cycle (when N 1s 15).
That abnormality judgement will use an 1nappropriate count
value C (1.e., 15). Thus 1n such a case too, due to the effects of
the delay 1n transmitting the data from the microcomputer
103, the microcomputer 101 will again find that the subtrac-
tion result Z does not match the correct value of (X0-2), and
so will incorrectly judge that the microcomputer 103 1s func-
tioming abnormally, even 11 it 1s actually operating normally.

This condition of 1ncorrect abnormality judgement wall
continue so long as the transmission delay condition of the
microcomputer 103 continues, as illustrated in FIG. 11.

It can thus be understood that with such a method, in which
a count value N 1s transmitted as the variable value C from the
microcomputer 101 to the microcomputer 103, and the micro-
computer 103 derives the homework calculation result Y
based on that count value N, if there 1s a delay 1n the process-
ing executed by the microcomputer 103 to the extent that a
homework calculation result Y cannot be transmitted by the
microcomputer 103 to the microcomputer 101 within the
appropriate cycle, then the microcomputer 101 will use an
incorrect count value when performing the abnormality
judgement. The subtraction result Z thus will not match the
correctvalue of (X0-2), and when this condition occurs more
than a predetermined plurality of times 1n succession, the
microcomputer 101 will (incorrectly) judge that the micro-
computer 103 i1s not functioming normally, and will send
diagnostics mformation indicative of this incorrect judge-
ment to the ECU 110.

Thus, even 1f the microcomputer 101 1s configured to judge
that abnormal operation of the microcomputer 103 1s occur-
ring only under the condition that an 1incorrect value for the
subtraction result Z 1s obtained a specific number of times 1n
succession, this condition may arise even 1f the microcom-
puter 103 1s Tunctioning normally. This 1s due to the fact that
when the microcomputer 103 1s performing processing such
as white line recognition processing, and this causes a delay
in transmitting a homework calculation resultY to the micro-
computer 101, such a delay may occur for each of a plurality
of successively obtained values of Y. Hence in such a case, the
microcomputer 101 will incorrectly diagnose that the micro-
computer 103 1s not operating normally.

It the microcomputer 101 were configured to manage the
information that determines the variable value C which will
be used 1n each abnormality judgement, such as to ensure that
the appropriate value of C will be applied 1n executing each
abnormality judgement, such a problem could be avoided.

However 1n such a case 1t would be necessary for the main
microcomputer to detect any delay in transmission by the
secondary microcomputer, and to take account of the trans-
mission delay in determining the appropriate corresponding,
variable value C to be used 1n performing an abnormality
judgement. This will involve complex processing.

Furthermore in addition to the transmission delays, another
problem exists, in that the secondary microcomputer may
sometimes fail to recerve a variable value C that 1s transmitted
from the main microcomputer. For example 11 the secondary
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microcomputer 1s busy 1n performing processing relating to
its main function when a variable value C 1s transmitted from
the main microcomputer, then the secondary microcomputer
will not receive that updated value of C, and so will not use 1t
when performing the next homework calculation processing.
This “reception failure” condition 1s 1llustrated 1n the second
and fourth cycles i the example of FIG. 11. It would be
necessary for the main microcomputer to recognize when
such a reception failure occurs, 1n order to use the appropriate
values of the variable C 1n judging the homework calculation
results. Otherwise, reliable judgement as to abnormal opera-
tion of the secondary microcomputer would not be possible.

SUMMARY OF THE INVENTION

It 1s an objective of the present invention to overcome the
above problems, by providing an electronic apparatus incor-
porating a microcomputer whose operation 1s monitored by
another microcomputer 1n the electronic apparatus, wherein
the monitoring microcomputer will reliably judge an occur-
rence ol abnormal operation of the monitored microcom-
puter, with the judgement being unatlected by delays 1n pro-
cessing that 1s performed by the monitored microcomputer.

To achieve the above objective, according to a first aspect,
the invention provides an electronic control apparatus incor-
porating a {irst microcomputer and a second microcomputer
which are connected for data communication with one
another, wherein the microcomputers respectively execute
the following processing.

The first microcomputer repetitively performs an operation
in which 1t:

sets predetermined bit patterns 1n each of the registers of
the CPU core of that microcomputer and executes a predeter-
mined calculation whereby a result value from the calculation
will be a specific constant value 11 the registers are function-
ing normally (this being referred to in the following as the No.
1 homework calculation procedure);

adds this calculation result value to a value which has been
established for a variable 1n a No. 2 homework calculation
procedure, with the variable value being updated each time
such an addition operation 1s performed (with the term “vari-
able value” being used herein to signily a specific value
assigned to a variable) and

transmits 1nformation expressing the sum value that is
obtained from the addition operation and information
expressing the specific variable value which was used in that
addition operation, to the second microcomputer (this being
referred to as the transmission procedure).

Each time that information expressing such a combination
of a sum value and variable value 1s recerved by the second
microcomputer, it subtracts that variable value from the sum
value, to obtain a subtraction value (this being referred to as
the subtraction procedure). The second microcomputer then
judges whether or not the subtraction value 1s 1dentical to a
predetermined correct (normal) value (this being referred to
as the judgement procedure). Based on results obtained from
the judgement procedure, the second microcomputer judges
whether abnormal operation of the first microcomputer 1s
occurring, and 1t so, transmits information indicative of this
abnormal operation to external equipment.

Thus with the present invention, a monitored microcom-
puter (first microcomputer) determines the variable value C
that 1s to be used 1n a homework calculation, executes the
homework calculation processing to obtain a result value Y,
and transmits information expressing the homework calcula-
tion result value Y (sum value Y) and the variable value C
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which was used 1n that execution of the homework calculation
to the monitoring microcomputer (second microcomputer).

Thus with such an electronic control apparatus, the moni-
toring microcomputer can detect abnormal operation of the
monitored microcomputer without requiring to send values of
the varniable C to the monitored microcomputer.

Furthermore with the present invention, the monitoring
microcomputer can reliably detect abnormal operation of the
monitored microcomputer, irrespective of efiects of process-
ing delays that may occur with the monitored microcomputer.
That 1s to say, the monitoring microcomputer will subtract the
correct variable value C from a recetved homework calcula-
tion result Y, without requiring the monitoring microcom-
puter to manage the variable value C such as to take into
account the effects of processing delays (more specifically,
data transmission delays which result from processing
delays) of the monitored microcomputer. Thus, erroneous
diagnosis of abnormal operation of the monitoring micro-
computer (1.e., erroneous diagnosis resulting from data trans-
mission delays by the monitored microcomputer) can be pre-
vented, without requiring complex control processing to be
executed by the monitoring microcomputer for the purpose of
preventing such erroneous diagnosis.

The mvention 1s particularly applicable to an electronic
apparatus 1n which a plurality of microcomputers cooperate
to periodically exchange data, for performing a main function
of the electronic apparatus. When the invention 1s applied to
such a type of electronic apparatus, the above-described
abnormal operation judgement function can be implemented
periodically, combined with processing relating to the main
function.

That 1s to say, the monitored microcomputer can periodi-
cally execute a processing sequence made up of first and
second homework calculation procedures and a transmission
procedure (for transmitting data to the monitoring microcom-
puter), while the monitoring microcomputer periodically
executes a processing sequence made up of a subtraction
procedure and a judgement procedure. In that way, the moni-
toring microcomputer can continuously monitor the moni-
tored microcomputer, to immediately detect any occurrence
ol abnormal operation.

With such a system, the monitored microcomputer 1s pret-
erably configured such that it periodically transmits data for
use 1n executing the main function to the monitoring micro-
computer together with information expressing a homework
calculation result and the variable value corresponding to that
calculation. By thus configuring the monitored microcoms-
puter to transmit data relating to the main function together
with (1.e., substantially concurrent with) transmitting data
relating to monitoring for detection of abnormal operation,
data communication between the microcomputers can be
elfected 1n a simple manner, while performing frequent data
communication operations between them. Instability of the
clectronic apparatus can thereby be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a lane-keeping system accord-
ing to an embodiment of the invention;

FI1G. 2 1s a diagram for use 1n describing various types of
data that are transmitted and recerved between microcomput-
ers of the embodiment;

FIG. 3 1s a timing diagram for describing processing for
communication between microcomputers and homework cal-
culation processing that are executed with the embodiment;

Diagram (a) of FIG. 4 1s a flow diagram of a processing
routine that 1s periodically executed by a main microcom-
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puter and diagram (b) of FIG. 4 1s a flow diagram of a pro-
cessing routine that 1s periodically executed by a secondary

microcomputer of the embodiment;

FIG. 5 1s a diagram {for illustrating timing relationships
between respective processing operations of the main micro-
computer and the secondary microcomputer;

FIG. 6 1s a flow diagram of homework calculation process-
ing that 1s executed by the secondary microcomputer;

FIG. 7 1s a flow diagram of abnormal operation judgement
processing that 1s executed by the main microcomputer;

FIG. 8 1s a timing diagram illustrating communication
between the main and secondary microcomputers, and abnor-
mality judgement processing executed by the main micro-
computer, under a condition in which there 1s a delay 1n
transmitting information by the secondary microcomputer;

Diagrams (a) and (b) of FIG. 9 are diagrams for use 1n
describing an example of a prior art type of image processing
apparatus 1n which a main microcomputer monitors a second-
ary microcomputer to detect abnormal operation of the sec-
ondary microcomputer;

FIG. 10 1s a ttiming diagram for describing processing for
communication between the main and secondary microcom-
puters, and homework calculation processing, that are
executed with the prior art example; and

FIG. 11 1s a timing diagram 1illustrating communication
between the main and secondary microcomputers, and abnor-
mality judgement processing executed by the main micro-
computer, under a condition in which there 1s a delay 1n
transmitting information by the secondary microcomputer
with the prior art example.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a block diagram showing the configuration of an
embodiment of a lane-keeping assistance (LKA) system 1.
The lane-keeping assistance system 1 1s designed to be
installed 1n a motor vehicle, and serves to control the vehicle
to follow a specific lane that 1s defined on a road upon which
the vehicle 1s travelling. The lane-keeping assistance system
1 mcludes an i1mage processing apparatus 10 which 1s
equipped with a digital video camera 11 (referred to in the
following simply as the camera 11), a vehicle control ECU
(electronic control unit) 50 which 1s connected for serial
communication with the image processing apparatus 10, a
steering control ECU 60 which 1s connected for communica-
tion with the vehicle control ECU 50 via an in-vehicle LAN

(local area network) such as a CAN (control area network),
and a meter ECU 70 which 1s connected for communication
with the vehicle control ECU 50 via the in-vehicle LAN.

The vehicle control ECU 50 generates steering control
commands for causing the vehicle to follow a specific lane,
based on road parameters that are mputted from the image
processing apparatus 10, and supplies the steering control
commands via the in-vehicle LAN to the steering control
ECU 60. In addition, the vehicle control ECU 50 derives
status information indicating whether the 1mage processing
apparatus 10 1s operating normally or abnormally, based upon
diagnostics information which 1s supplied from the image
processing apparatus 10. The vehicle control ECU 50 trans-
mits the status information via the in-vehicle LAN to the
steering control ECU 60 and to the meter ECU 70.

In response to the steering control commands that are
transmitted from the vehicle control ECU 50, the steering
control ECU 60 controls the steering of the vehicle accord-
ingly, to cause the vehicle to travel along the specified lane.
More specifically, the steering control ECU 60 performs this
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steering control only so long as the status information that 1s
transmitted from the vehicle control ECU 50 indicates that the
image processing apparatus 10 1s operating normally. If the
status information indicates that the 1mage processing appa-
ratus 10 1s operating abnormally, then the steering control
ECU 60 halts the steering control, and the LKA function 1s
terminated.

Based on the status information that 1s transmitted from the
vehicle control ECU 50, the meter ECU 70 generates tlashing,
of a warning lamp which 1s installed on a meter panel of the
vehicle, when the 1mage processing apparatus 10 1s found to
be operating abnormally, thereby notifying the vehicle driver
of the abnormal condition.

In addition to the camera 11, the image processing appa-
ratus 10 includes a pair of microcomputers 20 and 30, for
processing 1image data that are supplied from the camera 11.
The image processing 1s executed for recognizing lane mark-
ers which are formed on the road surface, and for determining
the position relationship between the vehicle and the lane
markers, to thereby calculate road parameters as described

heremnafter. The road parameters are transmitted to the

vehicle control ECU 50.

In the following, the microcomputer 20 (which 1s con-
nected to the camera 11 and to the vehicle control ECU 50)
will be referred to as the main microcomputer, and the micro-
computer 30 (which 1s connected to the microcomputer 20)
will be referred to as the secondary microcomputer. The inter-
vals between successive vertical synchronizing signals of the
video signal from the camera 11, 1.e., 1n which data of suc-
cessive video signal frames are respectively acquired and
processed by the microcomputer 30, will be referred to as
cycles.

The microcomputer 20 includes a CPU core 21 which 1s
formed of a calculation circuit, registers which include a
general-purpose register and an accumulator, a ROM (read-
only memory) 22 for storing programs that are executed by
the CPU core 21, a RAM 23 which 1s used 1n executing the
programs, a serial interface 25 for performing serial commu-
nication with the vehicle control ECU 50, a serial interface 26
which 1s connected for serial communication with the micro-
computer 30. The microcomputer 20 further includes an
input/output section 28 which 1s connected to the camera 11
for recerving video data transmitted from the camera 11, and
which transiers the video data to the interior of the micro-
computer 20, and also transmits command signals from the
CPU core 21 to the camera 11.

The microcomputer 20 further includes a RAM (random
access memory) 33 which includes an image memory region,
a transmitting bulifer region, a recerving buffer region, and
working memory regions, with these regions (memory areas)
being defined beforehand. The image memory region is used
for storing image data which are obtained from the camera 11,
while the transmitting butler region serves to store data that
are to be transmitted to the vehicle control ECU 30 or to the
microcomputer 30. The recetving butler region 1s used as for
temporary storage of data that are received from the vehicle
control ECU 50 or from the microcomputer 30.

In the same way as for the microcomputer 20, the micro-
computer 30 includes a CPU core 31 which 1s formed of a
calculation circuit, registers which include a general-purpose
register 31a and an accumulator 315, etc., a ROM 32 for
storing programs that are executed by the CPU core 31, a
RAM 33 which 1s used in executing the programs, and a serial
interface 35 for performing serial communication with the
microcomputer 20. The microcomputer 30 performs various
types of processing 1n accordance with programs stored 1n the

ROM 32.
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FIG. 2 1s a diagram for describing the types of data that are

transmitted and recerved between the microcomputer 20 and
the microcomputer 30. With the image processing apparatus
10 of this embodiment, the microcomputer 20 performs edge
detection processing for detecting lane markers (which will
be assumed to be white lines formed on the road surface)
based on 1image data that are inputted from the camera 11, to
thereby obtain edge information indicating positions of
detected edges (e.g., edges of white lines) based on the edge
detection results. The microcomputer 20 transmits the edge
information to the microcomputer 30.
Based on the edge information recerved from the microcom-
puter 20, the microcomputer 30 executes white line recogni-
tion processing for recognizing the shape of lane markers that
are located ahead of the vehicle on the road surface (1.e., white
lines that appear in the 1images captured by the camera 11),
and determines the position relationship between the vehicle
and the lane markers. The microcomputer 30 thereby derives
information expressing the road configuration and the posi-
tion relationship between the vehicle and the road, as the road
parameters, and transmits the obtained road parameters to the
microcomputer 20.

Basically, the microcomputer 30 ascertains the character-
istics of the lane along which the vehicle 1s currently travel-
ling (this being referred to 1n the following as the “running
lane” of the vehicle) by detecting the running lane as a region
located between two lane markers, 1.e., between two parallel
white lines. The microcomputer 30 uses the information thus
obtained concerning the running lane to determine the width
of the road (designated as W 1n the following), which consti-
tutes one of the road parameters. The microcomputer 30 also
calculates the yaw angle 0 between the direction along which
the running lane extends and the direction in which the
vehicle 1s currently travelling, and calculates the radius of
curvature R of the runming lane. The microcomputer 30 fur-
thermore further calculates the amount of deviation (as an
ollset value o) between the central position of the vehicle and
the center of the running lane.

These road parameters W, R, 0 and 0 are transmitted to the
microcomputer 20 as described above.

The road parameters are calculated periodically by the
microcomputer 30, which also performs (periodically, with
the same period as for the road parameters) a homework
calculation processing procedure for enabling the microcom-
puter 20 to diagnose any abnormal operation of the micro-
computer 30. Each homework calculation result Y 1s trans-
mitted to the microcomputer 20 together with a vaniable value
C which was used 1n performed that homework calculation,
with Y and C being transmitted to the microcomputer 20
together with the most recently obtained set of road param-
eters.

When the microcomputer 20 receives a set of road param-
eters from the microcomputer 30, 1t transmits these to the
vehicle control ECU 50 and also performs abnormality judge-
ment processing to determine whether or not the microcom-
puter 30 1s operating normally, based on the homework cal-
culation result Y and the variable value C that are recerved
together with the road parameters. The microcomputer 20
then transmits the results of the abnormality judgement, as
diagnostics information, to the vehicle control ECU 50.

The image processing apparatus 10 1s configured such that
under a condition whereby the vehicle 1s travelling at high
speed and the user has set the LKA function 1n operation (and
only under this specific condition), the 1mage processing
apparatus 10 executes a main function of periodically calcu-
lating the road parameters and outputting these to the vehicle
control ECU 50. In that condition, the microcomputer 20 of
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the 1mage processing apparatus 10 receives externally sup-
plied information which includes vehicle speed information
and actuation information, with the actuation information
being supplied via a user interface and indicating whether the
LKA function 1s currently set on or off.

In parallel with executing the main function described

above (the latter being referred to in the following as the
“main processing task™), the microcomputer 20 1s configured
to execute an “ECU-oriented communication processing
task™ for communicating with the vehicle control ECU 30,
and a “secondary microcomputer-oriented communication
processing task™ for communicating with the microcomputer
30. In the ECU-ornented communication processing task, the
microcomputer 20 periodically transmits road parameters
and diagnostics information to the vehicle control ECU 50,
and also receives vehicle speed information and user actua-
tion information from the vehicle control ECU 350. Based on
these, the microcomputer 20 executes on/off control of the
functions of the 1image processing apparatus 10.
The main processing task 1s implemented by periodically
executing the processing routine shown 1n the flow diagram of
diagram (a) of FIG. 4, with the executions being timed 1n
accordance with the vertical synchronizing signal of the
video signal produced from the camera 11 as 1llustrated 1n the
timing diagram of FIG. 3.

When execution of the main processing task processing
begins, an 1mage data acquisition operation 1s first performed
(step S110). In this, a specific number of lines of 1mage data
(1.e., data expressing a specific number of horizontal scan
lines of the most recent video signal frame) are obtained from
the 1mage data that are mputted from the camera 11, and
stored 1n a video memory region of the RAM 23. This data 1s
required 1n performing edge detection processing, in order to
perform white line recognition processing, for detecting lane
markers. Processing 1s then executed for judging whether
abnormal operation of the microcomputer 30 1s occurring
(step S120). Details of this abnormality judgement process-
ing are given hereinafter, referring to FIG. 7.

On completion of the abnormality judgement processing,
the microcomputer 20 performs edge detection processing. In
this, the aforementioned video data expressing a predeter-
mined number of lines are 1s read out from memory and
subjected to {filter processing to detect the locations of any

edges 1n the 1image expressed by the video signal. The result-
ant detection mnformation 1s stored 1n the working region of
the RAM 23, as edge information (step S130).

Although not specifically shown 1n the drawings, calcula-
tion processing 1s performed for adjusting parameters includ-
ing the gain and shutter speed, etc., of the camera 11, prior to
performing the edge detection processing.

On completion of the edge detection processing, the micro-
computer 20 operates on the data which are currently held 1n
the receiving bufler region, to write these received data into a
receiving working region which 1s separate from the receiv-
ing buffer region, provided in the RAM 23 (step S140).

In doing this, the road parameters mformation and the
information expressing a homework calculation resultY and
variable value C, which have been transmitted from the
microcomputer 30 when 1t executes a main microcomputer-
oriented communication processing task and have been
stored 1n the recewving builer region, are read out from the
receiving butler region, and the information expressing Y and
C 1s set as the data which will be subjected to abnormality
judgement processing in the succeeding cycle. Also at this
time, the road parameters information are read out from the
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receiving bulfer region and are set as the transmission object
data which are to be transmitted to the vehicle control ECU
50.

Next, the edge information obtained 1n step S150 1s trans-
mitted to the microcomputer 30, by execution of the second-
ary microcomputer-oriented communication processing task
(step S150).

FIG. 5 1s a diagram showing the time sequence of the
processing contents that are executed by the microcomputers
20 and 30. As shown 1n FIG. 5, 1n parallel with executing the
processing contents shown in diagram (a) of FIG. 4, the
microcomputer 20 executes the ECU-oriented communica-
tion processing task for periodically communicating with the
microcomputer 30 at timings in accordance with the afore-
mentioned vertical synchronizing signals. When this occurs,
the road parameters information obtained by the microcom-
puter 30 are transmitted by the microcomputer 20 to the
vehicle control ECU 50, together with the results obtained
from the abnormality judgement processing (1.¢., diagnostics

information).

As described for the microcomputer 20, the microcom-
puter 30 1s configured to perform a main processing task for
executing 1ts main function, in parallel with executing a com-
munication processing task (referred to in the following as the
main microcomputer-oriented communication processing
task) for communicating with the microcomputer 20. By
executing the main microcomputer-oriented communication
processing task, the microcomputer 30 detects when edge
information has been recerved from the microcomputer 20.
Each time such information reception 1s detected, the pro-
cessing routine shown 1n the flow diagram (b) of FIG. 4 1s
executed by the microcomputer 30, as 1ts main processing
task. This processing routine 1s executed by the microcom-
puter 30 at successive timings, 1 accordance with reception
of edge information from the microcomputer 20.

When such edge information 1s recerved, 1t 1s first stored 1n
a recerving bulifer region of the RAM 33 of the microcom-
puter 30.

In 1ts main processing task, the microcomputer 30 first
updates the count value N of a cycle counter in step S210
(N<—N+1). The edge information most recently received
from the microcomputer 20 1s then acquired by being read out
from the recerving builer region of the RAM 33 (step S220).

The microcomputer 30 then executes the homework calcu-
lation processing shown in the flow diagram of FIG. 6 (step
S230).

When the homework calculation processing is started, the
microcomputer 30 attempts to set all of the bits of the general-
purpose register 31a to the binary 1 state (all-ones pattern),
then executes calculation processing for detecting whether
any of these bits remain stuck in the O state (step S231),
thereby obtaining a calculation result X. Specifically, an 1ni-
tial pattern of all-zeros 1s set as the value of X, and this 1s set
into the general purpose register 31a. Some simple calcula-
tion processing operations involving that register are then
performed. Following each of these calculation processing
operations, 1f the result obtained 1s correct, then the value of
X 1s incremented by one. In that way a condition whereby at
least one of the bits of the general purpose register 31a 1s stuck
in the O state can be diagnosed.

Various types of processing operation can be envisaged for
detecting such a “stuck-bit” condition, and the mmvention 1s
not limited to any specific form of such operation, so that
detailed description 1s omitted herein.

On completion of step S231, the microcomputer 30
attempts to set all of the bits of the general purpose register
31a to the binary O state (all-zeros bit pattern) then executes
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calculation processing for detecting whether any of these bits
remain stuck in the 1 state. The results obtained from this
calculation processing are combined with the results obtained
in step S231, to obtain an updated value of X (step S232). In
the same way as for step S231, various simple processing
operations are performed using the value set 1n the general
purpose register 31a, and at the end of each of these process-
ing operations, if a correct result has been obtained, the value
of X 1s incremented by 1.

On completion of the processing of step S232, the micro-
computer 30 attempts to set the accumulator 315 to an all-
ones bit pattern, then executes calculation processing for
detecting whether any of the accumulator bits remain stuck in
the O state. The result obtained from this calculation process-
ing 1s then combined with the value of X that was obtained 1n
step S232, to obtained an updated value of X (step S234).

On completion of step S234, the microcomputer 30
attempts to set all of the bits of the accumulator 31B to an
all-zeros bit pattern, then executes calculation processing for
detecting whether any of these bits remain stuck in the 1 state.
The results obtained from this calculation processing are then

combined with the results obtained 1n step S234, to obtain a
final value of X (step S235). The method of updating X 1s as

described for steps S231, S232 and 5234,

If the microcomputer 30 has executed each of the above
calculation processing operations correctly, the final value of
X will be a predetermined fixed value, designated as X{(0).

On completion of step S235, the microcomputer 30
updates the counter value N, to obtain an updated value for the
variable C, and adds this updated varniable value C to the final
value of X, to obtain a sum value Y (=X+C) as the homework
calculation result (step S239). This execution of the home-
work calculation processing routine (S230 1n diagram (b) of
FIG. 4) 1s then ended.

Referring again to diagram (b) of FIG. 4, on completion of
the homework calculation processing of step S230, the micro-
computer 30 executes white line recognition processing
based upon the edge information that has been received from
the microcomputer 20, and thereby calculates the road param-
cters (step S240).

The microcomputer 30 then (1n step S250) transmits these
calculated road parameters to the microcomputer 20, together
with information expressing the sum value Y that has been
obtained 1n step S230 and the variable value C which was
used 1n calculating that sum valueY (i.e., the variable value C
which was set 1n step S237 of FIG. 6). This transmission 1s
executed as the main microcomputer-oriented communica-
tion processing task.

Following completion of the processing sequence shown in
diagram (b) of FIG. 4, that processing 1s subsequently again
executed at the next occasion when edge information 1is
received from the microcomputer 20.

In that way, each time the microcomputer 30 recerves edge
information, 1t executes homework calculation processing
and white line recognition processing as illustrated 1n dia-
gram (b) of FIG. 4 and 1n FIG. 5, and transmits the road
parameters together with the homework calculation result Y
and the corresponding variable value C to the microcomputer
20 when the white line recognition processing has been com-
pleted.

The abnormal operation judgement processing that 1s
executed by the microcomputer 20 1n step S120 of FIG. 4,
based on the most recently received homework calculation
resultY and variable value C from the microcomputer 30, will
be described in the following. FI1G. 7 1s a flow diagram show-
ing a processing routine that 1s executed by the microcom-
puter 20 periodically with a fixed period (i1.e., with this
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embodiment, at the start of each cycle, as illustrated in the
timing diagram of FIG. 8). When this processing begins, the
microcomputer 20 first judges whether updated values of the
homework calculation result Y and variable value C have
been recerved from the microcomputer 30. Specifically, the
microcomputer 20 judges whether the homework calculation
resultY and variable value C which were used 1n abnormality
judgement processing in the preceding cycle are respectively
different from the values o1 Y and C that are currently set as
the judgement object data.

If updated values for Y and C are found to have been
received (YES 1n step S310), operation proceeds to step S340,
while otherwise (No 1n step S310), operation proceeds to step
S320.

In step S320, the microcomputer 20 increments a reception
error counter value Er (Er<—FEr+1), then judges whether Er
exceeds a predetermined threshold value Er0. IT Er0 1s found
to be exceeded (YES 1n step S325) then a determination 1s
made that the microcomputer 30 1s operating abnormally
(step S330), and this execution of the abnormality judgement
processing routine 1s then ended.

However 11 the updated value of Er 1s judged to be less than

the threshold value Er0 (NO 1n step S325) then step S360 1s
executed.
If step S340 1s executed, the reception error counter value Er
1s reset to zero, and the subtraction value Z 1s then calculated
(step S345) based on the currently received values of the
homework calculation result Y and variable value C (1.e.,
which had been transferred from the recerving buifer region
to the working region in RAM at the end of the preceding
cycle, as described above). That 1s to say, the subtraction
value 7 (=Y -C) 1s calculated using the values of Y and C
which were transmitted together from the microcomputer 30
in the preceding cycle, as can be understood from the timing
diagram of FIG. 3.

The microcomputer 20 then judges (step S350) whether
this calculated value of Z 1s the correct value (X0, as
described above). The correct value X0 1s determined by the
design contents of steps S231 to S235, and cannot be obtained
as the subtraction value Z 1t there 1s any bit in the general
purpose register 31a or in the accumulator 315 that 1s stuck 1n
the 1 or the O state.

If1t1s judged n step S350 that the subtraction value Z 1s not
the correct value (X0), 1.e., NO decision 1n step S350, opera-
tion proceeds to step S360 1n which a homework calculation
error counter Eh 1s incremented by one (Eh<—Eh+1). A deci-
s10on 1s then made (step S370) as to whether the updated value
of Eh exceeds a predetermined threshold value Eh0. If the
threshold value 1s exceeded (YES in step S370) then opera-
tion proceeds to step S380, 1n which the same processing 1s
executed as 1n step S330, 1.e., 1t 1s determined that there 1s
abnormal operation of the microcomputer 30. This execution
of the abnormality judgement processing routine 1s then
ended.

However 11 it 1s judged that the updated value of Er does not
exceed the threshold value EQO (NO 1n step S370), the micro-
computer 20 determines that the microcomputer 30 1s oper-
ating normally (step S3935), and this execution of the abnor-
mality judgement processing routine 1s then ended.

If 1t 1s judged that the subtraction value Z 1s the correct
value Z0 (YES 1n step S350), then the error counter value Er
1s reset to zero (step S390), and the microcomputer 20 deter-
mines that the microcomputer 30 1s operating normally (step
S395). This execution of the abnormality judgement process-
ing routine 1s then ended.

The judgement results obtained from this execution of the
abnormality judgement processing routine are then transmuit-
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ted to the vehicle control ECU 350 as diagnostics information,
together with the currently dertved road parameters, by
execution of the ECU-oriented communication processing
task.

With the LKA system 1 of this embodiment, 1f the micro-
computer 30 of the image processing apparatus 10 executes
processing without delay (as 1llustrated 1n the timing diagram
of FI1G. 3) then in each cycle, a homework calculation resultY
and variable value C will be transmitted from the microcom-
puter 30 (together with the road parameters) to the microcom-
puter 20 prior to the point 1n that cycle at which the micro-
computer 20 transiers the contents of the receiving bulifer to
the working region in RAM. That time point in each cycle will
be referred to as the received data acquisition timing.

In each cycle, the microcomputer 20 judges whether new
information have actually been received from the microcom-
puter 30 1n the preceding cycle, by comparing the data cur-
rently read out from the receiving builer region with the data
read out in the preceding cycle. If these are different from one
another, then this confirms that updated data were recerved
from the microcomputer 30 during the preceding cycle, 1.e.,
operation 1s proceeding normally, as illustrated 1n FIG. 3.

However 11 the microcomputer 30 requires an excessive
amount of time to perform white line recognition processing,
it will not be able to transmit information expressing the most
recently derived homework calculation result Y and variable
value C to the microcomputer 20 prior to the received data
acquisition timing of the microcomputer 20 in the current
cycle. In that case, the microcomputer 20 will not be able to
acquire updated values for Y and C belfore performing the
abnormality judgement processing 1n the succeeding cycle
(so that a NO decision will be reached 1n the “data received ?”
step ol FIG. 7 when the abnormality judgement processing 1s
executed). This condition 1s 1llustrated 1n the timing diagram
of F1G. 8. In that example, 1n the second cycle, updated values
of Y and C cannot be transmitted to the microcomputer 20
betore the received data acquisition timing of the microcom-
puter 20 1n that cycle. Hence when the microcomputer 20
performs the abnormality judgement processing routine of
FIG. 7 during the third cycle, both the reception error counter
Er and the homework calculation error counter Eh will be
incremented by one.

In FIG. 8, the designation “recetved OK™ at an execution of
the abnormality judgement processing indicates that the
reception error counter Er 1s Er 1s reset to 0 at the time of that
processing, while “received NG” indicates that Er 1s 1ncre-
mented by 1 at that time. Similarly, the designation “home-
work OK” at an abnormality judgement processing indicates
that the homework calculation error counter value Eh 1s reset
to O at the time of that processing, while “homework NG”
indicates that Eh 1s incremented by 1 at that time.

In the prior art, when such a communication delay by the
microcomputer 30 occurs, the “homework NG status will
continuously occur 1n successive cycles, so long as the delay
condition continues. Thus irrespective of whether or not there
1s an actual hardware failure (1.e., register failure) in the
microcomputer 30, apart from the transmission delay, the
homework calculation error counter value Eh will come to
exceed the threshold value Eh0. Hence, an erroneous judge-
ment result, indicating abnormal operation of the microcom-
puter 30, will be derved by the microcomputer 20.

However with the present invention, when the microcom-
puter 30 sets the value of the vanable C and uses that in
deriving a homework calculation resultY, the microcomputer
20 will subsequently obtain the subtraction value Z by sub-
tracting from that homework calculation result Y the actual
variable value C which was used 1n calculating the value of Y.
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This 1s due to the fact that, with the present invention, these
specific values o1 Y and C are received together, by the micro-
computer 20. Hence the microcomputer 20 will always use
the appropriate values for dertving the subtraction value Z,
1.€., there 1s no possibility that an inappropriate value for the
variable C will be used by the microcomputer 20, even i there
1s a delay 1n transmission by the microcomputer 30.

With the present invention, even 1f a transmission delay
condition of the microcomputer 30 should continue over sev-
eral successive cycles (1.e., a condition 1n which the micro-
computer 30 does not transmit the road parameters and home-
work calculation result within the same cycle 1n which they
are derived), it can be ensured that the maximum value E0Q of
the error count will not be exceeded. In the specific example
of FIG. 8, the transmission delay extends 1nto the succeeding
cycle (with this being referred to as a 1-cycle transmission
delay 1n the following). In that case, so long as this delay
condition continues, each of reception error counter Er and
the homework calculation error counter Eh will be alternately
incremented by one (“reception NG, homework NG”), then
reset to zero (“reception OK., homework OK™), 1n successive
cycles.

Thus 1n this case, each of the count values attained by the
reception error counter Er and the homework calculation
error counter Eh will not exceed 1, other than when there 1s an
actual hardware abnormality of the microcomputer 30 or an
interruption of communication with the microcomputer 30.
Neither of Eh or Er will exceed a count of 1 simply as a result
of a 1-cycle transmission delay by the microcomputer 30.
Similarly 1f the maximum duration of transmission delay 1s
longer, e.g., 2-cycle transmission delay, neither of the
counters Eh and Er will exceed a value of 2, during normal
operation.

Hence, the error count threshold values Fr0 and EhO are
cach set to an approprate value (e.g., 1n the range 5 to 10)
which 1s determined based on the anticipated maximum num-
ber of cycles for which a transmission from the microcom-
puter 30 may be expected to be delayed. It can thereby be
reliably ensured that the microcomputer 30 will not be erro-
neously judged to have a malfunction when transmission
delays by the microcomputer 30 occur. In that way 1t can be
ensured that the microcomputer 20 will accurately detect
abnormal operation of the microcomputer 30, irrespective of
transmission delays which may occur as a result of the pro-
cessing executed by the microcomputer 30 as 1ts main task.

The constituents of the above embodiment correspond to
respective elements of the appended claims as follows. The
image processing apparatus 10 corresponds to an electronic
apparatus, the microcomputer 30 corresponds to a first micro-
computer, the microcomputer 20 corresponds to a second
microcomputer, the processing of steps S231 to S235 1n the
flow diagram of FIG. 6 corresponds to a first calculation
procedure, and the processing of steps S231 to S235 1n FIG.
6 corresponds to a second calculation procedure. The pro-
cessing of step S250 of diagram (b) of FIG. 4 corresponds to
a transmission procedure, the processing of step S345 of FIG.
7 corresponds to a subtraction procedure, and the processing
of step S350 of FIG. 7 corresponds to a judgement procedure.
The operation whereby the microcomputer 20 transmits diag-
nostics information corresponds to an operation whereby the
second microcomputer notifies an external apparatus of

abnormal operation of the first microcomputer.

It should be noted that the present invention 1s not limited
to the above embodiment, and that various modifications to
that embodiment could be envisaged. Furthermore, although
the above embodiment has been described as applied to an
image processing apparatus 10, it would be possible to apply
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the concepts of the invention to various other types of elec-
tronic apparatus which incorporate a plurality of microcom-
puters that are connected for commumication with one
another.

What 1s claimed 1s:
1. An electronic apparatus comprising a {irst microcoms-

puter and a second microcomputer coupled for communica-
tion with one another, wherein said first microcomputer 1s
configured to repetitively execute

a first calculation procedure of successively setting prede-
termined bit patterns in respective registers of a CPU
(central processing unit) core of said first microcom-
puter and executing predetermined calculation process-
ing which utilizes said registers, said bit patterns and
calculations being predetermined such that a specific
fixed value 1s obtained as a final result from said calcu-
lations when each of said registers are functioming nor-
mally,

a second calculation procedure of updating a variable value
and adding said final result to said updated variable
value, to obtain a sum value, and

a transmission procedure of transmitting information
expressing said sum value, and information expressing
said variable value which was utilized in calculating said
sum value, to said second microcomputer;

and wherein said second microcomputer 1s configured to
execute

a subtraction procedure of operating on said information
expressing said sum value and said variable value, for
subtracting said variable value from said sum value to
thereby obtain a subtraction value, and

a judgement procedure of judging whether or not said
subtraction value 1s identical to said specific fixed value,
and determining whether or not abnormal operation of
said first microcomputer 1s occurring, based on results of
said judgement.

2. An electronic apparatus according to claim 1, wherein
said second microcomputer 1s configured to transmit notifi-
cation of abnormal operation of said second microcomputer
to an external apparatus, when said abnormal operation 1s
detected by said judgement procedure.

3. An electronic apparatus according to claim 1, wherein:

said first microcomputer and said second microcomputer
are respectively configured to periodically exchange
information relating to a main function of said electronic
apparatus, for operating 1n cooperation to execute said
main function, and wherein each of said first homework
calculation procedure, said second homework calcula-
tion procedure, said transmission procedure and said
judgement procedure are executed periodically; and

said first microcomputer 1s configured to transmit currently
derived information relating to said main function to
said second microcomputer together with information
expressing currently obtained ones of said sum value
and said variable value.

4. An electronic apparatus according to claim 3, wherein
said second microcomputer transmits information relating to
said main function to said first microcomputer at each of a
first series of time points having a fixed repetition period, and
wherein said first microcomputer transmits said currently
derived information relating to the main function and said
information expressing said currently obtained sum value and
variable value to said second microcomputer at each of a
second series of time points, which are not synchronized with
said first series of time points.
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5. An electronic apparatus according to claim 4, wherein
said first series of time points are synchronized with frame
periods of a video signal, and 1n each of said frame periods:

said second microcomputer transmits data relating to said

main function to said first microcomputer;
said first microcomputer thereaiter derives currently
obtained ones of said sum value and said variable value
and executes processing relating to said main function
based on said data recerved from said second microcom-
puter, and
on completion of said processing relating to the main func-
tion, said first microcomputer transmits information
expressing said currently obtained sum value and vari-
able value to said second microcomputer together with
information expressing results of said processing relat-
ing to the main function.
6. A method of judging occurrence of abnormal operation
of a first microcomputer of an electronic apparatus which
comprises said first microcomputer and a second microcom-
puter, the method comprising:
controlling said first microcomputer to periodically update
a variable value,

execute predetermined calculation processing to obtain a
final calculation result, said calculation processing
being predetermined to produce a specific fixed value as
said final calculation result when said first microcom-
puter 1s Tunctioning normally,

add said vaniable value to said final calculation result to

obtain a sum value, and

concurrently transmit said sum value and said variable

value to said second microcomputer;
and controlling said second microcomputer to respond to
cach occurrence of receiving a sum value and variable
value transmitted from said first microcomputer, by

subtracting said received variable value from said received
sum value to obtain a subtraction value,

comparing said subtraction value with said predetermined

fixed value,
incrementing an error count value when said subtraction
value differs from said predetermined fixed value, and
resetting said error count value when said subtraction
value 1s 1dentical to said predetermined fixed value,

comparing said error count value with a predetermined
maximum value, and

determining that abnormal operation of said first micro-

computer 1s occurring, when said error count value 1s
judged to exceed said maximum value.

7. A method of judging occurrence of abnormal operation
of a first microcomputer of an electronic apparatus in which a
second microcomputer periodically transmits respective data
sets relating to a main function of said electronic apparatus to
said first microcomputer and 1n which first microcomputer
processes each received one of said data sets to obtain a
corresponding set of processed data relating to said main
function and transmits each said set of processed data to said
second microcomputer upon completion of said processing,
the method comprising;:

controlling said first microcomputer to respond to a cur-

rently received data set that has been transmitted from
said second microcomputer, by

executing said processing relating to the main function on

said recerved data set,

updating a variable value,

executing calculation processing to obtain a final calcula-

tion result, said calculation processing being predeter-
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mined to produce a specific fixed value as said final
calculation result when said first microcomputer 1s func-
tioning normally,

adding said updated variable value to said final calculation
result to obtain a sum value, and

concurrently transmitting said sum value and said updated
variable value to said second microcomputer, together
with transmitting a set of processed data corresponding
to said currently received data set;

and controlling said second microcomputer to respond to
receiving said sum value and variable value transmitted
from said first microcomputer, by

subtracting said recerved variable value from said recerved
sum value to obtain a subtraction value,
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comparing said subtraction value with said predetermined
fixed value,

incrementing an error count value when said subtraction
value differs from said predetermined fixed value, and
resetting said error count value when said subtraction
value 1s 1dentical to said predetermined fixed value,

comparing said error count value with a predetermined
maximum value, and

determining that abnormal operation of said first micro-
computer 1s occurring, when said error count value 1s
judged to exceed said maximum value.
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